In this issue of the Journal of Nuclear Cardiology, Minutoli F. and colleagues elegantly showed that Tc-99m 3,3-diphosphono-1,2 propanodicarboxylic acid (DPD) scan is very sensitive in the detection of cardiac involvement for asymptomatic subjects who carry transthyretin (TTR) gene mutation. 1 Tc-99m DPD accumulation was shown earlier than ECG, echocardiography and biochemical markers some years before the fulfilment of the current diagnostic criteria for cardiac amyloidosis (CA). More interestingly, those subjects who showed cardiac accumulation of Tc-99m DPD eventually had signs of clinical worsening. These findings are clinically important and have a direct impact on the management of asymptomatic subjects with TTR gene mutation. Those who show positive Tc-99m DPD scan among asymptomatic TTR gene mutation carriers may be candidates for early therapeutic approaches.
The optimal screening for TTR gene mutation carriers has not yet been established. The prevalence of TTR gene mutation is known to vary by region 2 while its penetration rate is unknown. Some experts suggest screening for TTR CA in several specific clinical situations (''red flags''), including suspicious and/or highrisk features for TTR CA on echocardiography, cardiac magnetic resonance, and electrocardiogram, and clinically demonstrated neuropathic signs. 2 However, these warning signs indicate that TTR CA or systemic amyloid deposition has already become clinically apparent. They do not directly reflect actively ongoing cardiac amyloid deposition and are not feasible for early detection of subclinical amyloidosis. Regarding the several therapeutic options that are getting clinical relevance, 3-5 earlier detection of those at high-risk of TTR CA development is of extreme importance.
The study by Minutoli et al. 1 sheds lights on the screening of CA development in TTR gene mutation carriers before phenotypic cardiac changes. According to the study data, positive cardiac Tc-99m DPD uptake at the baseline or 2-year follow-up invariably led to clinical TTR CA within several years, and as soon as 1 year later for diastolic dysfunction (E/A \ 1). Considering that it took 5 years or less (median: 2 years) from positive cardiac DPD uptake to the development of symptomatic heart failure, positive cardiac DPD uptake can be deemed to represent rapidly ongoing cardiac amyloid deposition, which precedes the clinical manifestation of TTR CA. Consistent results were obtained with other bone-seeking agents, where their cardiac uptake was considered to occur before clinical manifestations of TTR CA. 6, 7 Based on these results, we may recommend cardiac screening with bone scintigraphy to TTR gene mutation carriers upon the detection of the mutation, even if no suspicious cardiac findings are present. It will assist the early application of therapeutic agents interrupting the formation and cardiac deposition of amyloid. It is also notable that Tc-99m pyrophosphate (PYP), DPD, and hydroxymethylene diphosphonate (HMDP) have high sensitivity (97% to 100%) 8-10 in detecting TTR CA, while Tc-99m methylene diphosphonate (MDP) may not be equally sensitive. 11 Therefore, Tc-99m PYP, DPD or HMDP should be preferred to MDP in the screening of TTR gene carriers.
The most notable strength of this study is its longitudinal nature, making its claims even more important with respect to TTR CA screening. Recently, expert consensus recommendations have been announced by multiple societies. 12, 13 The recommendations categorized repeated bone scintigraphy to be appropriate in the screening of asymptomatic TTR gene mutation carriers, however, the indications and suggested interval were not addressed. In this study, among the patients without cardiac uptake on the baseline Tc-99m DPD scan, some showed positive cardiac uptake at the 2-year follow-up scan (2 out of 8; 25%). They eventually developed echocardiographic/electrocardiographic abnormalities and symptomatic heart failure no later than 4 years after the baseline scan. Of interest, none of those with negative cardiac uptake on both the baseline and 2-year Tc-99m DPD scan became symptomatic throughout the follow-up period (* 8 years). Based on these results, at least a serial Tc-99m DPD scan at 2 years after mutation detection should be mandatory even if the baseline scan is negative. In addition, a negative Tc-99m DPD scan at 2 year may imply no TTR CA development within the next several years. Negative cardiac uptake on 2-year serial Tc-99m DPD scan may indicate that cardiac amyloid is not, or is very slowly being, deposited. This result suggests a low likelihood of rapid TTR CA development (Figure 1) .
How do we utilize bone scintigraphy for TTR CA management? Regarding the initial diagnosis, the diagnostic accuracy of bone scintigraphy for detecting TTR CA has been well proved. 14 In terms of a longitudinal follow-up, semiquantitative parameters and tomographic imaging may help tracing serial changes in cardiac uptake. However, the interobserver agreement for the visual assessment of planar images was clinically sufficient in this study (j = 0.937). A simple binary interpretation of cardiac uptake (positive vs. negative) may be sufficient in the serial follow-up of TTR gene mutation carriers with respect to the prediction of TTR CA development.
It is clear that bone scintigraphy is an excellent imaging tool for the diagnosis and follow-up of TTR CA. Although the cost-effectiveness of TTR CA screening with bone scintigraphy is yet to be investigated, it will clearly be empowered by the novel therapeutic agents entering the clinical fields. This study, in such a clinical context, adds even more important value to serial scanning to detect subjects at higher risk of TTR CA development and helps confirm safety in those with serial negative scans.
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